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INTRODUCTION 
The purpose of this thesis is to present a critical review of the 
literature on the subject of renal hypertension. The literature which is 
concerned with this phenomenon may be divided for convenience into t wo 
general types. There is, on the one hand, an abundance of case reports in 
medical literature which give accounts of the pathological conditions seen 
in individuals with hypertension associated vnth kidney disease. But t here 
is also a vast amount of research which has been reported concerning the 
experimental production of hypertension in animals by various forms of kidne~ 
manipulation. This experimental work has been largely done in the last fif-
teen years and is, therefore, relatively new. It is the experimental work 
with which this thesis is concerned, and no specific case histories will be 
referred to, other than passing references to the conclusions of considerabl 
more experienced workers than this writer. Of course, any comprehensive 
definition of renal hypertension must take into account the contributions of 
clinical observations which are not really experimental, but considerations 
of space, time, and ability indicate that the more prudent and effective 
course will be to confine this review to experimental studies. 
Accordingly, the first section consists of a discussion of the 
methods of inducing renal hypertension experimentally. Following that, the 
results of the investigations will be considered, together with a discussion 
and evaluation of the present concept of the physiological mechanism involvec 
and of other views proposed. Section three concer ns the significant contri-
butions that these studies have made to our physiological and pathological 
knowledge. Finally, and altogether too briefly, section f our summarizes the 
findings. 
1 
'IHE PRODUCTION OF HYPERTENSION OF RENAL ORIGIN 
The chief prerequisite for the satisfactory study of hypertension 
is the development of efficient methods for its production, under experi-
mental conditions. To be sure, clinical observations on hypertensive pa-
tients have contributed indispensable information about the pathogenesis an 
mechanisms involved in human hypertension, but such observations at best ar 
limited by the obvious difficulty of establishing control situations which 
are so essential to the confirmation of experimental results. Human hyper-
tensives are commonly studied well after the onset of the increa sed blood 
pressure, and this fact makes it extremely difficult to correlate and to 
compare their pathological state with their normal one. 
The mere production of a sustained hypertensive state, however, i 
not all t hat is required for the satisfactory study of hypertension. Many 
procedures will produce a considerable increase in blood pressure. An i n-
crease of i ntracranial pressure will produce hypertension, as will cerebral 
anemia brought about by ligation of the carotids and vertebrals (Cushing 
1901). Denervation of the carotid sinus and the aortic arch will lead to 
hypertension (Heymans 1938). Other neurogenic forms of hypertension ca n 
be and have been produced, and many of the procedures involve admirably 
simple methods of production. Hormonal extracts, too, may be highly effec-
tive in producing hypertension, and adrenal, thyroid, and pituitary gland 
extracts have all been employed in this respect. In all of these methods, 
however, the hypertension produced is associated with other symptoms, many 
of which interfere with the study of the hypertension itself. 
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A consideration of the foregoing facts will aid us in under-
standing the interest in renal hypertension shown by hundreds of workers. 
Regardless of whether their main interest lies in the hypertension peculiar 
to kidney manipulation and disease or in hypertension of all forms, most in-
vestigators agree that the methods of producing hypertension by kidney ma-
nipulation have proved most fruitful in eliciting a sustained controllable 
increase in vascular pressure, which is relatively asymptomatic, i.e., which 
involves fewer complicating responses to the experimental procedure. Renal 
hypertension usually results from and is dependent on an increased periph-
eral resistance in all parts of the bo dy (except possibly the lungs) and a 
nearly norma l heart rate. The increase in arterial pressure may be the only 
change brought about by the experimental procedures. 
The publications of Bright (1836) brought into prominence the in-
timate association of the kidneys and many forms of hypertension (Best and 
Taylor 1945). Further research showed tha t of all the diseases and mal-
functions of the kidney which were associated with a general increase in 
blood pressure, glomerulonephritis showed the most constant correlation with 
hypertension. It is not surprising then that the earliest attempts to pro-
duce a hypertension of renal origin were directed toward the experimental 
production of glomerulonephritis. This disease is characterized by inflam-
matory changes in the capillaries of the glomeruli and is usua lly caused by 
the toxin of a bacterial infection. An extensive account of these early 
methods cannot be attempted here, and the review of Blalock (1940) may be 
profitably consulted for descriptions and references concerning them. A 
moderate degree of success was achieved in some ca ses, but s ince most of the 
techniques involved the introduction of immunization reactions and the 
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administration of toxins, the hypertension produced vms, as often as not, 
associated with other pathological changes which complicated the study. 
Chanutin and Ferris (1932) carried on a series of experiments on 
rats in which the amount of functional renal tissue was reduced by simple 
excision in multiple operations, the branches of the renal artery were li-
gated, and complete nephrectomy performed. Ligation of the renal artery 
branches along •n th partial nephrectomy produced a noticeable and sustained 
increase in arterial pressure. However, renal function was also i mpaired 
and the search v~s renewed for a method which could produce hypertension 
without renal i nsufficiency. Attempts were made to occlude the rena l ar-
teries as by the injection of liquid paraffin (Senator 1911), insoluble 
dyes (Cash 1924), and pieces of cha rcoal (Apfelbach and Jensen 1931). These 
procedures had little success. 
The credit for the final successful production of hypertension of 
a truly sustained type, without the undesirable side effects of glomerulo-
nephritis and nephrectomy, belongs to Goldblatt and his associates (1934) 
who constricted the renal artery of dogs with a silver clamp just before it 
enters the kidney. This method and its results, because of its simplicity 
and its subsequent utilization by many investigators of hypertension, de-
serve further mention. 
The hypothesis tha t renal ischemia may be the initia l ca use of 
hypertension associated with kidney disease had been suggested before. 
Katzenstein (1905) had produced a slight increase in blood pressure by par-
tially occluding the renal arteries. Drury (1932) had constricted one renal 
artery with a loop of silk and found tha t any desired degree of renal insuf-
ficiency could be produced, but unfortunately he made no observa tions on the 
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blood pressure. When in 1938 he repeated his work, he noted a mild hyper-
tension. Upon removal of the contralateral non-ischemic kidney, the hyper-
tension became considerably more marked. 
However, Goldblatt et al (1934) were the first to test this hy-
pothesis of the renal ischemic origin of hypertension experimentally. The 
application of an adjustable silver clamp to the renal artery enabled them 
to control rather accurately the degree of constriction of the artery and, 
consequently, the degree of ischemia produced. Their work in these and 
other follow-up experiments was done on dogs since their method requires 
relatively large renal arteries for most efficient control. 
Goldblatt (193?) made the following observations: 
1} Constriction of one renal artery resulted in a moderate in-
crease in blood pressure which returned to nearly the normal 
level in several weeks. 
2} Marked bilateral constriction caused a persistent hypertension, 
which was usually accompanied by renal insufficiency and sub-
sequent uremia. 
3) . ll.1oderate bilateral constriction produced a persistent increase 
in systolic blood pressure without signs of renal functional 
impairment. 
4) Unilateral constriction and contralateral nephrectomy also re-
sulted in a persistent increase in blood pressure with or with-
out renal insufficiency, depending on the degree of constric-
tion of the renal artery. 
5) Bilateral nephrectomy, on the other hand, resulted only in 
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renal insufficiency, except for a fleeting neurogenic hyper-
tension caused by nerve stimulation during the operative 
procedure. 
6) Complete occlusion of both renal arteries and veins also pro-
duced only functional impairment of the kidneys, with no hyper-
tension. These results have been abundantly confirmed by Katz 
et al (1939). 
Certain workers have become critical of the renal ischemia theory 
of the origin of renal hypertension, but it is clear that a sustained hyper-
tension can be produced by this method. The hypertensive response can be 
elicited apart from i mpairment of kidney function. This has been sho~m by 
Corcoran and Page (1938) who made studies on plasma and kidney urea, creati-
nine, inulin, and phenol red clearances and found no significant changes in 
1 
the values of these clearances in renal hypertension. 
The Goldblatt technique, as it is now called, is not perfect, how-
ever, and it is subject to at least t wo practical limitations. The first of 
these was noticed and anticipated by Goldblatt himself. He observed that 
after the hypertension had existed for some time as a result of bilateral 
constriction of the renal arteries, it was necessary to constrict the ar-
teries further in order to maintain the blood pressure at that high level. 
This was attributed to the development of an accessory or collateral circu-
lation. This consideration led Page (1939) to work out a procedure designed 
to avoid this accessory circulatory development. He wrapped the kidney in 
cellophane and thought that little kidney damage would result. However, 
Page found that severe perinephritis followed this procedure and a thick 
hull or sheath of fibrous tissue had formed around the kidney. The 
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perinephritic hull itself caused a persistent arterial hypertension, pre-
sumably by a mechanism similar to that involved in the hypertension produc-
tion by arterial constriction. Silk had the same effect, and Greenwood, 
Nassim, and Taylor (1939) used collodion impregnated gauze to produce hyper-
tension. Goldblatt (1940) found that a fish skin condom prevented col-
lateral circulatory development without inducing perinephritis. 
I Another practical limitation to the Goldblatt technique is that 
1 the adjustable silver clamp can only be manipulated in animals which have a 
sufficiently large renal artery to provide easy access and control. The sil 
ver clamp is the simplest of Goldblatt's original instruments, and the clamp 
itself required a number of elaborate precision tools for its successful ma-
nipulation while in place on the artery. Consequently, workers who have usee 
small animals have largely resorted to the partial nephrectomy methods of 
Chanutin and Ferris (1932) and the silk constriction technique of Drury 
(1938) previously mentioned. Of interest to those working with small mammal 
such as the rat, is a new method described by Abrams and Sobin (1947). It 
is a perinephritic method in which latex molds are made on model kidneys and 
are then placed around the animal's kidneys. Rau (1950) described a method 
whereby the kidney is lifted out of the body cavity of dogs and is sprayed 
with a plastic dissolved in acetone which, when dried, forms a perinephritic 
mold. The pathogenesis of hypertension in these cases is no doubt similar 
to that induced by silk and cellophane. Goldblatt (1939), in the colirse o~ 
studies on experimental hypertension, found that constriction of the ab-
dominal aorta just above the site of origin of the renal arteries resulted 
in hypertension, and he suggested that workers with small animals would have 
considerable success by developing this technique. 
The results of the above surgical methods of producing renal 
hypertension, when considered together with the countless case reports on 
kidney disturbances in hypertensive patients, have, of course, tended to 
strengthen the view that a significant relationship exists between kidney 
condition and high blood pressure. In addition, certain observations which 
will be taken up later have shown that nervous factors play a relatively 
minor role if, indeed, they are concerned at all with this form of hyperten-
sion. This suggested the possibility of a chemical or humoral mediator in 
the etiology of renal hypertension. Many investigators were led by such 
considerations to attempt to produce hypertension by the administration of 
extracts of kidneys of normal and hypertensive animals. The work of 
Tigerstedt and Bergmann (1898) had indicated that _such a pressor substance 
could be so extracted, and many workers were able to produce a marked hyper-
tension by injecting this substance into the blood of animals. However, 
conflicting results were occasionally reported from what seemed to be essen-
tially similar experiments. 
Complete clarification of these apparently contradictory results 
must await the elucidation of the mechanisms involved in renal hypertension. 
Bean (1942) indicated that the specificity of renin (the extract) or the 
failure of renin to produce a pressor response in another animal could be 
demonstrated in all vertebrate classes and sometimes within the class of 
mammals themselves. Abrahamson and Friedman (1938) made it clear that the 
pressor substance comes only from the cortex of the kidney, and medullary 
extracts may have no effect. In addition, the development of a sustained 
hypertension in normal animals by injections of kidney extracts is inhibited 
by the properties of the humoral mechanism itself (Page et al 1941). 
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These admittedly are only partial explanations of the conflicting results 
obtained with extracts, but are perhaps enough to suggest the practical 
limitations of these methods of renal hypertension production. 
It should be clear from the above that the investigator of hyper-
tension of renal origin has a variety of ways to produce such hypertension, 
and his choice of a method will be determined by the species of animal to be 
used in his work, by the degree of renal functional impairment that he dares 
permit, and by his awareness of new facts concerning the physiological 
mechanisms involved in the production of hypertension. 
The Goldblatt technique and the perinephritic inducing methods 
continue to be the most frequently used methods of producing renal hyperten-
sion. Vmere the hypertension produced by these methods has been determined 
by an efficient and reliable means of blood pressure measurement, and cor-
related with observations of hypertensives, the results have provided many 
definite and stimulating contributions to our knowledge of the physiology of 
hypertension and, incidently, of the kidney itself. 
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'IDE DETERMINATION OF BLOOD PRESSURE 
Reliable means of studying and estimating the blood pressure in 
experimental animals are, of course, essential to the study of hypertension. 
Investigators in the field of renal hypertension have chosen to use direct 
and indirect methods of measurement, and their choice of a method ~~s deter-
mined not only by its convenience in application to the animal with which 
they were working, but also by the degree of accuracy found necessary. 
All direct methods of blood pressure measurement are an outgrowth 
of the funda~ental experiments of Stephen Hales (1?33), who discovered that 
when a long glass tube is connected by means of a brass cannula to the 
femoral artery of a horse, the animal's blood would rise to a height of 
about seven feet and fluctuate there. The height of the column of blood 
served as an index of the arterial pressure. Such a method is, of course, 
cumbersome and subject to many inaccuracies, but the basic principle is 
still used today. Mercury manometers are used today instead of directly 
measuring the column of blood, and the use of anti-coagulants and the attach· 
ment of self-recording devices have greatly facilitated blood pressure de-
terminations (Best and Taylor 1945). 
Certain workers, such as Grollman, Harrison, and Williams (1940), 
have been chiefly concerned with whether specific procedures will signifi-
cantly raise or lower the blood pressure. In much of their vmrk on the 
effects of constriction of the renal arteries on blood pressure or the re-
sults of administering extracts which lower the arterial tension, they have 
found that a mercury manometer connected with a simple hypodermic needle, 
which acts as a cannula, gave them measurements of the larger variations in 
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blood pressure that were quite satisfactory. They were not interested in 
the smaller fluctuations, but only in the mean pressure and the effect of 
certain procedures on that pressure. 
However, the small quantitative variations in pressure have been 
important in many studies, particularly the type which is concerned with 
comparing the effect of injecting various pressor substances. For these 
purposes, the inertia of the heavy liquid, mercury, poses a serious problem 
since it may mask these minor variations in blood pressure. Frank (1908) 
realized that it was necessary to diminish to the utmost the inertia of the 
1 moving parts of the recording instrument in order to get the true course of 
the pressure changes. Accordingly, he developed a device known as the Frank 
capsule, which consists of a short tube from the cannula to a rubber mem-
brane. The movements of the rubber membrane were conveyed to a light lever 
and resulted in variations in light intensity on a photographic surface 
(Starling 1941). Hamilton, Brewer, and Brotman (1934) improved this optical 
manometer by using a long lead tube which, being non-distensible, avoided 
inaccuracies due to the elasticity of the connecting tube and also used a 
beryllium copper membrane which was more sensitive to the tiny pressure 
changes than the rubber one. 
Many other workers have felt that, for prolonged and chronic ex-
periments which necessitate frequent observations of the blood pressure, in-
direct methods were more convenient and accurate on animals. Kolls (1920) 
used a pressure cuff attached to a mercury manometer, and the cuff was 
placed between t wo aluminum shells which were adjustable. The .cuff could 
then be made to confor.m to the limbs of dogs. Goldblatt (1934) used a 
technique in dogs originally reported by VanLeersum (1911) which involved th 
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isolation of a loop of the carotid artery in a fold of skin, and he found 
this method convenient for frequent observations. 
The above techniques are applicable for the most part to rela-
tively large animals, and other methods of blood pressure determination 
have been used by those working vnth rats and other small mammals. Byrom 
and Wilson (1938) employed a plethysmographic method of measuring systolic 
arterial pressure in which they arrested the circulation of the tail of a 
rat by a sudden inflation of a specially designed cuff to a pressure above 
the systolic pressure. The pressure in the cuff was gradually reduced to 
the systolic pressure where the blood could enter the tail but could not 
leave. Plethysmographic vol~e determinations were made and used as an 
index of systolic pressure. Williams, Harrison, and Grollman (1940) success 
fully used this method in rats vnthout an anesthetic. Plethysmographic de-
terminations of this type have been reported to be most convenient where 
serial recordings are to be taken, and especially good for assay studies of 
pressor substances where a large number of animals are required. The con-
venience of the method is best realized when it is recalled that the cost of 
using rats in such work is not nearly so prohibitive as many other animals . 
(Kempfe and Page 1942). The method of Friedman and Fried (1949) in which 
the tail of the rat is led through a ten millimeter pressure cuff seems to 
be practical for successive determinations. The investigator can listen 
to the pulse sounds or connect the apparatus to an oscilloscope. 
Certain workers have recognized that both direct and indirect 
methods of blood pressure measurement are valuable and have advised that 
measurements made by one method be checked by another method. Katz et al 
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{1939) fre quently checked their indirect cuff determinations by the optical 
manometric method of Hamilton et al {1934). Byrom and Wilson (1938) ad-
vised the use of their plethysmogr aphic method in repeated determinations 
of the blood pressure, but used a direct method for single recordings. 
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'IRE M:B-;CHANISM OF RENAL HYPERTENSION 
Goldblatt (1934) indicated that there are three possible physic-
logical mechanisms by which the ischemia which results from constriction of 
the renal artery can produce an increase in arterial blood presst~e. They 
are: 
a) afferent impulses from the nerve endings in the kidney to the 
vasomotor center or to the sympathetic ganglia, i.e., a nervous 
mechanism, 
b) afferent impulses from the kidney to an endocrine organ, i.e., 
a hormonal mechanism, 
c) formation of a new substance which results in a pressor effect 
on the peripheral vessels, i.e., a humoral mechanism. 
NERVOUS lViECHANISM 
That experimental renal hypertension is not mediated nervously has 
been shovm by a number of workers. Blalock and Levy (1937) performed sub-
diaphragmatic splanchnicectomy and excised the coeliac and upper lumbar 
ganglia, and Alpert, Alving, and Grimson (1937) completely sympathectomized 
dogs and found that the hypertension was not significantly modified. Page 
{1935) transplanted the kidney of a dog to a place under the back, and other 
workers have transplanted kidneys to such relatively distant places as the 
I neck (Blalock and Levy 1937) and the groin (Glenn, Child, and Hewer 1938). 
None of these procedures materially altered the hypertensive response to 
constriction of the renal arteries. Glenn and Lasher (1938) destroyed the 
j spinal cord of dogs by pithing with a soft solder rod and, after allowing 
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tirrre for recovery from spinal shock, found that such destruction of the 
spinal cord did not prevent the development of hypertension in response to 
renal arterial occlusion. 
Although the above procedures have established rather conclusively 
that experimental renal hypertension is not neurogenically initiated, we can 
not neglect the possibility that, once started, the hypertension may be main
11
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tained by nervous mechanisms. Ogden (1946) reported that in rats with uni-
latera l renal hypertension, when the offending kidney was removed within 
ten weeks, the blood pressure returned to normal, whereas a hypertension of 
longer duration tended to be permanent. In prolonged hypertension, then, 
there had apparently been a change in the sustaining mechanism. According 
to Ogden, an initial humoral mechanism had been superseded or replaced by a 
sympathetically mediated neuro-hypertension. Such a view takes on added 
credibility when it is realized that the kidney forms an extensive vascular 
site, accounting for about one-fifth of the total peripheral resistance of 
the body (Corcoran and Page 1949). Sclerotic lesions forrrred in the organ as 
a result of the ischemia caused by rena l artery constriction, or by the 
mechanical stretching due to the hypertension, could conceivably result in 
afferent stimulation of the vasomotor center and consequently reflex vaso-
constriction through sympathetic mediation. 
HOffiv10NAL :MECRtilliSM 
The role of the endocrine glands in the etiology of renal hyper-
tension is a subject which needs more investigation. The thyroid, para-
thyroid, and the gonads have been absolved of responsibility for the initia-
tion of hypertension of renal origin (Goldblatt 1947). The adrenal medulla 
does not play a role in renal hypertension, as is clear from the fact that 
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the hypertension is not prevented or modified in any way by bilateral ex-
cision of all medullary tissue. In addition, Abrahamson and Friedman (1938) 
showed that the hypertensive curve characteristically following epinephrine 
injections differed significantly from the graphic curve exhibited when rena 
extracts were given. There is no evidence to indicate that the pituitary 
plays a part, and the reduction of blood pressure in hypertensive dogs fol-
lowing hypophysectomy, reported by Page and Sweet (193~, was attributed to 
the loss of its stimulating effects on the adrenal cortex. The adrenal cor-
tex functionally intact is essential for the maintenance of renal hyperten-
sion. Collins and Wood (1938) found that constriction of both renal arterief 
of dogs did not produce a sustained hypertension upon adrenalectomy . A pos-
sible role of the adrenal cortex in renal hypertension will be discussed 
later. 
HUMORAL - RENIN-HYPERTENSIN 111ECHANISM 
The most commonly accepted view of the mechanism involved in renal 
hypertension is that the kidney which is made ischemic by the Goldblatt con-
striction of the renal artery elaborates a humoral substance that produces 
a pressor effect in the peripheral vessels. Over and above the mere nega-
tion of the possible nervous and endocrine factors, there is a wealth of ac-
cumulated evidence which supports this conception. 
In the first place, constriction of the arteries and consequent 
interference with the blood supply of any other organ but the kidney did not 
result in a significant increase in blood pressure (Goldblatt 1934). Also, 
constriction of the aorta was followed by hypertension only when that con-
striction was made just above the origin of the renal arteries. As Gold-
blatt (1939) pointed out, this operation never produced hypertension when the 
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aorta was constricted posterior to t he origin of the arteries. Bilateral 
nephrectomy produced a profound azotemia , but no hypertension, except for a 
transient or fleeting neurogeni c hypert ens i on due to the operative procedure 
(Katz et al 1939). These facts rather clearly limit the origin of this form 
of hypertension to the immediate area of t he kidney. 
As Goldblatt (1947) indicated, the first evidence for a humoral 
mechanism, although indirect, was the observation t hat while hypertension 
followed bilateral constriction of the renal arteries in dogs, no incre~se 
in blood pressure was noted when the renal veins were also occluded (Gold-
blatt 193?). Fasciola, Houssay, and Taquini (1938) demonstrated the pres-
ence of a pressor substance in the plasma of the renal vein of the South 
American toad, although this was not confirmed by Mason and Raz.zell (1939). 
Abrahamson and Friedman (1938) indicated tha t such a pressor substance could 
be extracted from the cortex of normal kidneys of cats and dogs and thus 
confirmed the early observations of Ti gerstedt and Bergmann (1898). The 
latter workers thought tha t the pressor substance, renin, was a metabolite 
and tha t many forms of hypertension were due to the defective elimination of 
renin, which then accumulated in the circulation of the animal. Geer and 
Dragstedt (1938) showed, however, that when urine was deviated from the 
ureters into the intestine and directly into the bloodstream via the in-
ferior vena cava of dogs, there was no hypertension produced. Renin is thus 
no longer regarded as a normally excreted metabolite. Kohlstaedt and Page 
(1940) showed that renin could be found in increased concentration in the 
~enal vein of dogs whose arteries were constricted, and that considerably 
less renin could be obtained from the venous blood of untreated controls. 
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I I 
tension has proceeded rapidly, chiefly by t wo independent groups of workers I. 
It was soon realized that this mach- II in the United States and in Argentina. 
II 
anism was considerably more complex than the mere elaboration of renin into ~~~ 
the bloodstream by the ischemic kidney. Helmer and Page (1939), in the 
course of studies on the purification of renin, found that the more purified I 
extracts of renin had little or no vasoconstrictive action when perfused 
I 
with Ringer's solution through an isolated organ, such as a ribbit's ear or 
1 a dog's tail. However, when blood or plasma was used instead of Ringer's 
solution, the pressor properties were restored, and they concluded from this 
that renin must be activated by a substance found in the plasma. This sub-
1 
stance t hey called renin-activator. In many ways this was an unfortunate 
choice of words, for subsequent investigation has revea led t he fact tha t 
this substance is a normal constituent of the blood and, specif ically, i s 
associated with or is a part of the pseudoglobulin fraction of the plasma 
proteins. Furthermore, renin seems to have the properties of a proteolytic 
enzyme, and thus it is probable that renin activates the substrate in the 
plasma and is not itself acted upon. The South American school calls this 
Jrenin-substrate, hypertensinogen. 
The active vasoconstrictor agent, itself, which results from the 
,enzymatic action 
!hypertensin. Tt 
I (Page and Helmer 
I 
of renin on hypertensinogen, is called angiotonin or 
is thought to be a polypeptide, and has been crystallized 
1940). Angiotonin exerts its vasoconstrictor action on the 
inute systemic arterioles. Katz and Steinitz (1940) showed that renal 
ischemia, as produced by the Goldblatt technique, had no effect on the pul-
onary blood pressure of dogs, although definite hypertension existed in the 
I 
:I 
II 
I 
II 
II 
II II 
I 
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systemic vessels as measured by cannulation of the femoral artery. Angio-
tonin evidently has a selective action on the systemic circulation. The 
significance of this selective vasoconstrictive action is not understood. 
Brann-Menendez et al {1940) and Page and Helmer {1940) have shovm 
that normal non-ischemic kidneys contain an enzyme which inactivates angio-
tonin or hypertensin. It will be recalled that when Goldblatt {1934) con-
stricted one renal artery and left the contra],ateral kidney untreated, a 
moderate increase in arterial blood pressure was observed which returned to 
normal within a few weeks. Bilateral constriction of the renal arteries, on 
the other hand, produced an indefinitely sustained hypertension. The dis-
covery of an enzymatic angiotonin inhibitor or inactivator is entirely con-
sistent with these observations, for in unilateral renal artery constriction, 
the normal kidney apparently elaborates angiotonase or hypertensinase which 
progressively inactivates the angiotonin and thus lowers the blood pressure. 
In bilateral constriction of the renal arteries or in unilateral constrictior 
and removal of the unaffected kidney, not only is _there production of renin 
and consequently of angiotonin, but there is also a marked decrease of an-
giotonase. The result is a persistent hypertension of indefinite duration. 
Unfortunately, the terminology used in studies of the humoral 
mechanism of renal hypertension is still confused, and this is due in large 
part to the independent nature of the investigations on the subject. The 
following sunnnary, modified from Lamport (1945} should aid in clarifying the 
nomenclature. 'fhe Argentine terms have been capitalized, and the American 
terms are in small letters. 
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HYPERTENSINOGEN RYPER'I'ENSIN 
(PREHYPERTENSIN) enz:YI!le enzyme inactive 
substance 
renin-activa tor angiotonin (renin substra te) 
(pre-angiotonin) renin HYPER'I'ENSI NASE 
angiotonase 
serum globulin .proteolytic a polypeptide an enzyme from no pressor 
of blood plasma enz:YI!le from pressor sub- normal kidneys action 
manufactured in ischemic stance produced 
the liver kidneys in the blood 
TACHYPHYLAXIS 
Page and Helmer (1940) made extensive s t udies on t he properties of 
renin and angiotonin. Not only did t hey demonstra te the presence of angie-
tonase in norma l kidneys which would inhibit the humoral mechanism by i n-
activa ting angiotonin, but they also not iced that the hypertensive action of 
renin and angiotonin became progressively less pronounced with successive in 
jections of these substances. This tolerance to repea ted injections has beei 
ca lled tachyphylaxis. The above worker s have indicated that an angiotonin-
activator, as well as a renin-a ctiva tor, must be present in the blood. The 
phenomenon of tachyphylaxis, or decr easing responsiveness to renin and angie-
tonin injections, is thought by these workers to be a consequence of the ex-
haustion of these activators. .Ani mals whose rena l arteries have been bi-
latera lly constrict ed evidently have lowered concentra tions of inhibitors 
(which are ~ormed in the kidney) and an increased amount o~ activators. The 
tachyphylactic property of renin is quite well established by subsequent 
workers who have shown that serum globulin is missing from the circulation 
after hepatectomy and thus is probably produced by the liver, but angiotonin ' 
t a chyphylaxi s is not nearly so well established (Goldblatt 1947). 
The ability o~ the enzyme, renin, to react with hypertensinogen I 
of another source, i.e., the specificity of renin, has been investi~ated by I 
Bean (1942). The evidence indicates tha t poikilothermous forms, such as the .l 
I toad, do not form angiotonin since they show no pressor response to the in- ,1 
I 
I 
I 
I 
I 
jection of renin at any temperature. However, the toads show a persistent 
1 pressor effect from single injections of angiotonin. This is evidently be- I 
I 
cause of the long life of angiotonin, which is made possible by the lack of J 
. active angiotonase at the low temperature range of toads. The toad is 
I 
I rapidly rendered tachyphylactic to successive injections of angiotonin or 
hypertensin into the bloodstream. Bean could find no evidence of angiotonin 
tachyphylaxis in birds or mammals. 
SITE OF FORM.4..TION OF RENIN 
i 
We have already seen that renin is confined to the cortex of the j 
I kidney ( Abrahamson and Friedman 19 38 ) • Also , Ge er end Dragst edt ( 19 38 ) con- 11 
l vincingly demonstrated that renin is not a tissue metabolite, by deviating II 
I the urine into the bloodstream of dogs and observing no hypertensive re- I 
J sponse. The actual morphological source of renin is still not kno\~ with 
I . certa~nty, a lthough considerable interesting speculation has been made on thj 
subject. 
, The fact that renin is released in increased amounts by modifica- II 
ltion of the hemodynamic conditions of the kidney, and that it is not a norma~ II 
1
1 
excTetion product, has led many investigators to regard the kidney as an en 1; 
I 
0 
docrine organ, as well as an excretory organ. Vfuether or not renin is i! 
! liberated under physiological conditions in response to inadequate circula- li 
I II ! tory adjustments is not known and will be discussed later. It is knovvn, I 
II however, that renin is released when the renal arteries are clamped and may I 
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I 
be detected in increased concentration in the renal veins (Kohlstaedt and 
Page 1940). An internal secretion is certainly suggested. 
Goormachtigh (1939) observed that in mammalian kidneys there was 
a peculiar modification of the smooth muscle cells of the afferent arte-
rioles just before they entered the glomerulus of the mammalian nephron. 
These cells were largely devoid of myofibrils, and he termed the entire 
structure the juxta-glomerular apparatus •. He found that as a consequence 
I 
I 
i· 
i\ 
II of renal ischemia produced by constricting the left renal artery of rabbits II 
after the method of Drury (1938), these cells of the juxta-glomerular appa- ·I 
II 
'i ratus were seen to increase in size and number. Definite granules were 
I 
visible in these cells and Goormachtigh found that the histological cycle of I 
I 
I 
I 
I 
gr anulation was as definite as was the cycle of the anterior pituitary. 
Since renal ischemia caused hypertrophy and hyperplasis of the 
II 
afibrillar cells which, in control rabbits, have cytological features of en- !i 
docrine activity, and since carefully graduated ischemia stimulates these II 
afibrillar cells without noticeable changes in the excretory tubules, 
Goormachtigh concluded that the juxta-glomerular apparatus has an endocrine 
function which, in the light of the present theory, would consist in the 
elaboration of renin. 
1\ 
II 
I 
I 
I 
! 
I 
The foregoing observations were confirmed in the dog, where renal 
11 ischemia f avors the development of secretion granules in the afibrillar cell~~ 
of the juxta-glomerular apparatus which normally is devoid of them. ~~~ 
Goormachtigh and Grimson (1939) found this same type of afibrillar cell in \ 
1
tbe carotid and the aortic bodies, in a sub-endothelial position. This closJ i 
association added to their conviction that the afibrillar cells have a 
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vasomotor function. Kaufmann (1940) confirmed Goormachtigh's cytological 
observations in four hundred normal ahd diseased human kidneys. 
Physiological evidence has not always concurred with these histo-
logical findings, however, and many workers believe that the proximal con-
voluted tubule is the storage place or the site of formation of renin. 
There is considerable doubt as to whether renin plays a physiological role 
in the maintenance of glomerular blood flow (Goldblatt 1947). Kidneys in 
which the proximal convoluted tubules have been poisoned by tartrate do not 
contain renin (Friedman and Kap~an 1943). Masson ( 1937) had already in-
dicated that the juxta-glomerular apparatus is very close to the macula 
densa (a modification of the distal convoluted tubule in which the cells are 
very closely packed), and that this structure may form a device whereby the 
blood flow through the afferent arteriole i .s modified according to the 
amount or composition of the fluid in the distal tubule. Many investigators 
who have found that physiological evidence does not support the conception 
of a renal endocrine gland have been content to confine the vasomotor func-
tion of the juxta-glomerular apparatus to this relatively local control. 
PhrrSIOLOGICAL STI~VLUS FOR ~JIN LIBERATION 
The problem of what is the prec ise physiological stimulus for the 
initiation of hypertension is as unsolved as is the exact site of f ormation 
of renin. As has been indicated, the experiments of Goldblatt and his col-
leagues (1934) were designed to test the hypothesis that renal ischemia 
could cause hypertension. Actually they were trying to simulate the con-
dition lcnovlil as essential hypertension in man, which is usually defined as a 
persistently increased blood pressure of unknown origin. 
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li 
If t he hi gh blood pr e s sure found in essentia l hypertension is the 
result of certa in renal hemodynamic disturbances brought about as a conse-
quence of relatively ·widespread intrarenal sclerosis, both arterial and 
II arteriolar, then the silver clamp designed by Goldblatt, by producing a 
II s imilar upset of intrarenal hemodynamics, should result in a sustained 
I hypertension (Goldblatt 1947). We know now that this clamp when applied to 
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I 
I' 
I 
pro- I 
the blood supply. Important supporting evidence for this view was provided 
I by Smith, Goldring , a nd Chasis ( 1938) who found that the renal blood f low in 
I 
human hypertensives was noticeab ly less than normal. Also, Gerbi, Ruben-
stein, a nd Goldblatt (1940) studied the oxygen consumption of renal tissue 
II 
I: 
I 
by the Warburg manometric techni que and found tha t kidney tissue slices from I 
!kidneys rendered ischemic by the Goldblatt technique had a lowered oxygen il 
consumption than slices from untrea ted kidneys. Katz et al (1939) believe lj 
tha t rena l hypertension will be produced when t h e ratio of i s chemic to norma~ 
kidney tissue exceeds a certain value. il I 
On the other hand, there is a t least an e qual amount of evidence 
!
·produced by other workers which indicates tha t renal ischemia per se and its I 
II 
apparent consequence, anoxia, may not be a necessary physiological stimulus 1 
I 
for rena l hypertension. Levy et al (1938) showed that the arterio-venous ~~ 
difference in oxygen concentration of the renal circul a tion was relatively 1 ~~ 
constant and of t he same magnitude in norma l and i s chemic kidneys. Corcoran I 
land Page (1938) made observations on the changes of rena l urea and creatinin~l 
!plasma clear ances in uninephrectomized dogs after constriction of the renal ! 
T 
II q 
artery of the remaining kidney. They showed that it was possible to excite 
a persistent arterial hypertension without altering these clearances. Ob-
servations on plasma urea, inulin, and phenol red made it clear that the 
relative and absolute values of these clearances were not necessarily al-
tered by constriction of the renal artery. The immediate effect of renal 
artery constriction seemed to be dilatation of the arterioles beyond the 
constriction and maintenance of the renal blood flow. 
Later, Kohlstaedt and Page (1940) found that an increased libera-
tion of renin occurred when they constricted the renal artery and, at the 
same time, maintained the mean pressure in the vessels beyond the constricts 
artery by means of a special pump. This led these workers to the conclusion 
that a reduction of pulse pressure was the adequate stimulus for the libera-
tion of renin and, consequently, for the hypertension. These conclusions 
have been contested by Braun-Menendez (1944) and by Goldblatt (1947) on the 
basis of insufficient experimental verification. 
The above considerations should make it clear that the question of 
the site of formation of renin and the physiological or pathological stimulu 
for its production are by no means clear. Much research must be done on the 
subject before a satisfactory solution of the problem is forthcoming. 
VALIDITY OF THE RENIN HYPERTENSIN CONCEPT 
In addition to the lack of agreement about the exact site of for-
mation of renin and the physiological conditions necessary for its produc-
tion or release, there are a number of other observations which leave some 
doubt as to whether the renin-hypertensinogen-hypertensin mechanism repre-
sents a satisfactory explanation of how hypertension follows manipulation of 
the renal arteries by techniQues already outlined. Taggart and Drury (1940) 
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,1 
at a time when the interest in this mechanism was definitely increasing , 
showed that the high blood pressure levels, produced as a result of renal 
artery constriction in rabbits, could not be approximated by any constant 
i: 
II 
II 
II 
jl 
series of injectionsthat would maintain a sustained hypertension in normal ~~ 
1 animals. The responsiveness to renin injections on the part of hypertensive I 
I 
I 
animals became progressively less as the amount of the dose was increased. 'I 
Constant injections of renin resulted in QUalitative and Quantitative differ ! 
jences between this response and the response to renal artery constriction. 
! Of course, these investigators, by using normal animals instead of nephrec-
tomized ones, failed to guard against deactivation of the a~giotonin by 
II 
I 
I 
angiotonase, but even if we disregard this oversight, the phenomenon of reniA 
I tachyphylaxis evidently interfered with the hypertension. They were led to II 
I t he conclus ion that renin is not responsible for the hypertension induced by I 
l renal artery constriction. It is indeed hard to see how an increased pro- ~~ 
l duction of renin could maintain a sustained h~~ertension if animals soon be-
l come tachyphylactic to renin, ·.or .· increasingly tolerant to it, as a result of 
I 
I the exhaustion of the substrate upon which renin acts (Page and Helmer 1940) el 
Renin has not been purified or crystallized to date , and, although I 
the attempts to purify it have been numerous (Helmer and Page 1939, and I 
! 
Swingle et al 1939), no standard methods or procedures have yet been adopted ! 
for renin purification. Accounts of purification methods are beyond the j 
scope of this paper, although it may be stated that most of the work has bee :i 
I done on hog kidneys because of the accessibility of these organs, and most 
11 procedures involve fractionization of the renal extracts with neutral salts. 
~~ Katz and Goldblatt (1943) added trichloroacetic acid before fractionization 
I 
II 
I 
I 
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in order to denature and precipitate the bulk of the tissue proteins and 
leave renin alone to be purified. 
The results achieved in experiments designed to determine the ef-
fectiveness of renal extracts have been variable. Similarly, the results 
obtained from experiments set up to estimate compara tively t he amounts of 
renin in hypertensive and non-hypertens ive circulations are biased by the 
bio-assay technique chosen. For example, Kohlstaedt and Page (1940) repartee 
an increased liberation of renin following renal artery constriction when 
the blood was assayed by perfusion through an isola ted rabbit's ear. 
Taquini and Fasciola (1947), however, found that the amount of r enin was of 
the same order in hypertensive and non-hypertensive dogs and humans, when it 
was measured by a method that consisted of the estimation of the vasocon-
strictive action of hypertensin ; wh i ch was formed by the incubation of renal 
venous blood plasma previously fre ed from hypertensinase. The estimation \vaE 
done on the Lawen-Trendelenburg preparation of the toad. 
However, the chief obstacle in the proof that the renin-hyperten-
sinogen-hypertensin system is the principa l mechanism involved in the pre-
duction of experimental renal hypertension is not the diff iculty in stand-
ardizing comparative studies of the effectiveness of renin in producing hy-
pertension. There is convincing proof that renin will react wi t h hyperten-
sinogen to g ive the pressor agent, hyper tensin, under proper conditions, and 
tha t hypertens inogen a s sociat ed with the serum globulin has been de~initely 
shown to increase in the circulation in experimental renal hypertension 
(Kohlstaedt and Page 1940). Most workers would accept a demonstrated circu-
latory increase of angiotonin or hypertensin, the vasoconstrictor agent, as 
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presumptive evidence that the renin-hypertensin mechanism is chiefly re-
sponsible for renal hypertension. 
Unfortunately, attempts to demonstrate directly the presence of thE 
vasoconstrictor agent in hypertensive animals have again yielded contro-
versial results. Katz et al (1939) transfused the blood of renal hyperten-
sive dogs with the blood of normal nephrectomized dogs and found that no hy-
pertension was developed in the nephrectomized animals. But Solant, Nassim, 
and Cowan (1940), with the aid of a specially designed pump enabling equal 
amounts of blood to pass in each direction between the hypertensive and the 
nephrectomized, non-hypertensive dogs, were able to show that exchange 
transfusions of large amounts of blood resulted in at least a tempora ry rise 
in blood pressure. 
The primary obstacle to the renin-hypertensin theory may have been 
recently removed, however, although confirmations have not yet been reported 
Gollan, Richardson, and Goldblatt (1948) expressed the view that the failure 
of previous attempts to detect the pressor substance in the systemic circu-
lation of dogs with renal hypertension is best explained by the inadequate 
amounts of blood tested and by failure to avoid destruction of hypertensin 
by hypertensinase. Hypertensin was found by these workers to be present in 
minute quantities, and from one-fifth to one-third of the animal's blood was 
needed to detect its presence. Exceptional care must be taken to inhibit thE 
action of hypertensinase, since one cubic centimeter of hypertensive blood 
contains one unit of hypertensinase and only a few hundredths of the unit of 
hypertensin. (The units are comparable and relative to each other, i.e., 
one unit of hypertensinase will inactivate one unit of hypertensin.) 
However, even if the renin-hypertensin mechanism is established 
I incontrovertibly in the future as the chief physiological factor activated 
in renal hypertension, there have been innumerable observations which sug-
gest that other auxiliary mechanisms may also play a part. Certain of these 
observations have already been cited, such as the tachyphylaxis of renin and ! 
I 
the difficulty of demonstrating the presence of hypertensin in the hyperten-
sive circulation. Helmer and Shipley (1947), on the basis of work on cats, 1 
I 
J have become convinced that the initiating , in contrast to the sustaining, II 
pressor principle may be a new and separate entity from angiotonin, and yet jj 
may be similarly extractable from the kidney. A discussion of some of the II 
alternate theories is in order at this time. I 
I 
II 
II 
o! 
I 
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ADRENAL CORTEX IMPLICATION IN RENAL HYPERTENSION 
The only endocrine organ which may possibly be involved directly 
in experimental renal hypertension is the adrenal cortex. Goldblatt (1934) 
demonstrated that constriction of the renal arteries of dogs failed to pro-
duce an increase in blood pressure after removal of all adrenal cortical 
tissue. Collins and Wood (1938) confirmed this observation by adrenalec-
tomizing renal hypertensive dogs. They found that the blood pressure de-
creased to nearly normal levels. When the animals were treated with proper 
replacement therapy, i.e., a high sodium and low potassium diet and cortical 
extracts, the usual hypertensive response followed. A hypotensive response 
following adrenalectomy is not an observation unique with hypertensive sub-
jects, for it has been known for some time that in normal animals adrenalec-
tomy results in hypotension, reduced renal circulation, and finally renal 
failure which often results in death (Swingle and Remington 1944). We know 
that the adrenal cortex is important in the maintenance of normal blood 
pressure by its function of regulation of the electrolyte balance of the 
body. Desoxycorticosterone acetate (DCA) seems to be especially concerned 
in this respect. 
The problem with which we are here concerned is whether the adrena 
cortex and its products are specifically involved in the etiology of hyper-
tension of renal origin. Grollman, Harrison, and Williams (1940) studied th 
effects of a number of common steroids on the blood pressure of the rat. 
They found that DCA, testosterone, progestrone, estradiol, as well as 
diethylstilbesterol, produced a definite hypertension when given in appro-
priate doses. It was believed by these workers that the hypertension was thJ 
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result of steroid damage to the kidneys. Evidence for this point of view 
was contained in the observations of these same authors (1940) that renal ex 
tracts which reduced the blood pressure of rats made hypertensive by sub-
total nephrectomy also reduced the hypertension caused by the above steroid 
agents. These observations confirmed the findings of Selye (1939) who 
showed that steroids actually damage the kidneys. 
The significance of these results will become apparent when one re 
calls that the initial hypothesis of Goldblatt et al (1934) was that kidney 
damage in the form of arteriolar sclerosis might cause an intrarenal hemo-
dynamic disturbance, probably ischemic in nature, which would produce the 
hypertensive syndrome. ~~ether renal arterial and arteriolar sclerosis is 
the true cause of hypertension is a controversial subject and will be dis-
cussed later, but if it should prove to be so, then the influence of the 
adrenal cortex on hypertension of renal origin cannot be overlooked. 
Selye (1943) presented evidence that nephrosclerosis had been pro-
duced by overdosage with DCA, along with cardiovascular changes which re-
semble those found in Bright's disease. Selye and Hall (1943) examined the 
pathological changes attending overdosage with DCA in the dog, monkey, and 
the rat. The most striking morphological changes were seen to be in the kid-, 
ney. In the monkey there was not only fairly extensive intrarenal arteriola, 
sclerosis, but also a peculiar invagination of the cells of the proximal con-
voluted tubule into the space between the visceral and parietal layers of 
Bowman's capsule. In the dog there was evident sclerosis of the individual 
glomeruli and surrounding tissue and hypertrophy of the proximal and distal 
convoluted tubules. There was also present some degree of obstruction of thE 
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tubular lumen by desquamated epithelial cells or hyaline casts in the kidneys 
of all species examined. 
Selye and Stone (1943) showed that administration of concentrated 
saline solutions resulted in a genera lized tissue edema and nephrosclerosis 
in young chicks, and that DCA had similar effects in animals on a nonaal sa l · 
diet. It has been proposed that tissue edema following DCA administra~ion 
is attributable to kidney damage (Grollman, Harrison and Williams 1940). 
Selye (1943) also showed that kidney damage and hypertension resembling the 
malignant type in man could be produced by exposing animals to various 
damaging agents, such as temperatures of from 2 -4° C., injections of formaliJ 
and prolonged exercise. Such procedures presumably effected a hyperpro- I 
duction of the adrenal cortical hormone(s) in response to the stress con-
ditions. Renal hypertension was observed in all, along with adrena l hyper-
trophy. Fisher and Hewer (194?), however, found no association between 
adrenal weights ·and hypertension when they examined the adrenals of some 
fifty-five human hypertensives at autopsy, of which at least fifteen were 
renal hypertensives. On the other hand, they did find a strong statistical 
correlation between the cortical lipid content in the hypertensive cases, 
whether of renal origin or of the so-called essential type. 
Unfortunately, a comprehensive statement of the relationship of 
t he adrenal cortex to experimental renal hypertension or essentia l hyperten-
sion cannot be made at this time, since there is still substantial disagree-
ment as to the role of the cortex in this respect. Selye (1945) felt that 
true sclerotic changes had been produced in his work with DCA, and Friedrr~n, 
Polley, and Friedman (1948) have indicated that since the syndrome following 
these DCA administration procedures resembles that of essential hypertension 
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so closely, many patients may have a hormonal hypertension and not essential ~ 
hypertension at all. But Goldblatt (1947) and Braun-Menendez (1944) have 
expressed doubts as to the true sclerotic nature of the lesions produced by 
the work of Selye and do not regard the cortex as playing a primary role in 
J either renal or essential hypertension. 
33 
·, 
I' 
I 
I 
AMINE INTOXICATION 'IHEORY OF RENAL HYPERTENSION 
Bing and Zucker (1941) demonstrated that acute renal hypertension 
could be produced by injection of 1-dopa (1-dihydroxyphenylalanine) into the 
partially or completely ischemic kidney of dogs. I The rise in blood pressure 1 
occurred some three hours after the clamp about the renal pedicle was re-
leased. On releasing the clamp of an ischemic kidney that had not been so 
injected, there was no hypertension after the same length of time. This sub I 
stance, 1-dopa, is like renin, not a va soconstrictor substance itself, but II 
when perfused through an ischemic kidney forms a pressor substance. It does I! 
not form such a substance when perfused through a kidney with an adequate 
blood supply. The hypertensive effect was attributed to · the formation of 
hydroxytyramine, which is known to be a pressor substance. 
These workers pointed out tha t certain amino acids yield pressor 
amines on decarboxylization without deaminization. Aerobic conditions are 
necessary for deaminization to proceed properly, whereas Holtz et al (1938) 
have shown that an amino acid carboxylase system exists in the kidney and c lj 
act under anaerobic conditions. Bing and Zucker (1941) suggested that 1-dop 
is converted into hydroxytyramine by decarboxylization and defective de-
aminization in the ischemic kidney. 
Schroeder (1942) gave further support to this theory by showing 
that when an extract of hog liver containing an amine oxidase was given to 
hypertensive patients and dogs the blood pressure was lowered, and that the 
procedure had a slight hypotensive effect on normal subjects. IVhen this 
amine oxidase was mixed with angiotonin or tyramine, the pressor response 
to these substances was decreased. Injected into rats, the amine oxidase 
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made these animals refractory to the pressor activity of renin injections! 
Schroeder and Adams (1941) have shown that tyrosinase, another oxidase, con-
sistently lowered the blood pressure of experimentally hypertensive animals 
and also that it inactivates renin, angiotonin, adrenaline, and tyramine in 
vitro, and alters the blood pressure response of rats and dogs to injections 
of these substances. 
Raska (1943) made studies of the oxygen .consumption of the ischemi l 
kidney tissue slices of dogs by manometric determinations. Respiration and 
oxidizing ability were found to be reduced markedly from normal levels. The 
latter enzymatic oxidizing ability was measured by the oxygen uptake and 
ammonia formation in the presence of certain amino acids and amines which 
were used as substrates. The results suggested to Raska a direct relation-
ship between the degree of renal i s chemia and the decrease in oxidizing 
power of the kidney tissue. 
The above observations suggest that excessive amounts of pressor 
amines may be formed by the increased anaerobic decarboxylase and depressed 
oxidatative enzymatic processes, such as deaminization, and these amines may 
be responsible for the hypertension. Raska suggested tha t renin and angie-
tonin could conceivably be found by such degradation of proteins or poly-
peptides and might accumulate, owing to the reduced oxidatative power of the 
kidney and consequent improper metabolization of these substances. 
However, the entire amine-intoxication theory rests on the assump-
tion that the so-called ischemic kidney becomes anoxic in experimental renal 
hypertension. Although some workers achieved results which show that the 
ischemic kidney has a lower oxygen consumption than normal kidneys (Gerbi, 
Rubenstein, and Goldblatt 1940), others (Kohlstaedt and Fage 1940) do not 
believe that anoxic conditions exist necessarily in experimental renal hy-
pertension. Levy et al (1938) have shown that no increase over the normal 
occurs in the arterio-venous oxygen difference of the ischemic kidney. Also 
rats easily develop experimental renal hypertension, although no decarboxy-
lase has been demonstrated in the kidney (Best and Taylor 1945). Because of 
such observations, most observers feel that the excessive production of 
pressor amines by anaerobic decarboxylization processes does not play a majo 
role in renal hypertension. Of course, if a kidney should become anoxic, we 
might fairly expect this mechanism to come into play. Williams and Grossman 
(1938) found that perfusion of the isolated kidneys of hogs and dogs resulte< 
in two pressor substances in the perfusate, as determined by their charac-
teristic pressor responses on a graph. One of these substances proved to be 
alcohol insoluble, heat labile, non-dialyzable, and produced a prolonged, 
but slight rise in blood pressure. It probably was identical with renin and 
was less concentrated in the perfusate than in macerated kidney tissue ex-
tracts. The other was alcohol soluble, resisted boiling, readily dialyzable 
and its pressure curve was similar to adrenaline. It was not tyramine, for 
concentrations of cocaine which inhibit the pressor effects of tyramine did 
not effect this substance, which these workers called perfusin. It is per-
fectly possible that perfusin was manufactured by a process akin to that 
which Bing and Zucker described. This mechanism might become the chief sus-
taining f a ctor in experimental renal hypertension when truly anoxic con-
ditions prevailed but, because complete anoxia is not necessary for renal 
hypertension, the renin-hypertensin mechanism plays the dominant role. 
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HEPATO-RENAL VASOTROPIC SYSTEM IN RENAL HYFERTENSION 
Recently, there has been advanced a humoral theory of circulatory 
h9meostasis, which is relatively novel in some respects, and which, because 
of its implications for the student of the mechanism of renal hypertension, 
deserves to be considered here. This so-called hepato-renal vasotropic 
theory arose from the work of Zweifach and Chambers and their colleagues 
(1944) who were interested in the reactions of the capillaries in various 
I 
types of shock. They chose to study the circulatory changes in the omentum 
1 
of morphinized dogs largely because this organ had been considerably studied I 
before, and they had, therefore, a number of facts at hand with which to make 
comparative studies. Shock was induced in these animals by a carefully 
graded hemorrhage, and observations were made on the effects of not only pro 
ducing hypotension, but of prolonging this hypotension by giving repeated 
small i nfusions of blood in amounts just sufficient to keep the animals 
alive. The hypotension was prolonged until a circulatory collapse occurred 
which was refractory to infusion of all the blood withdrawn during the ex-
periment, i.e., until irreversible hemorrhagic shock was present. 
The results of these experiments clearly indicate that there were 
two stages or mechanisms involved in the transition of the circulatory 
system of animals from a physiological to a so-called irreversible shock 
state. The initial, or compensatory, phase consisted of a widespread vaso-
constriction which followed the hemorrhage immediately and was genera lly 
proportional to the amount of blood lost. This stage represented a purely 
mechanical adjustment whereby the vasoconstriction tended to keep the blood 
flow restricted to the most direct vascular channels, and the hypotension waf 
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due mainly to a semi-stagnation of flow and a pooling of blood in the capil-
lary bed. It was completely reversible by adequate blood transfusions. 
A secondary, or consequen~ial, stage developed in the dogs studied 
which were not given adequate blood replacement but only amounts sufficient 
to keep them alive. The animals which were kept hypotensive showed a series 
of circulatory changes, including loss of arteriolar and venular tone with a 
progressive lack of responsiveness to epinephrine. This was attributed to 
the ischemia resulting from the very sluggish capillary circulation. Resto-
ration of all the blood lost at this stage sometimes mechanically set up a 
blood flow, but it did not restore the functional integrity to the muscles 
of the vascular vessels. 
Chambers and zweifach (1944), in another communication, showed 
that these two stages of shock were humorally mediated. Both stages were 
passively transferred to normal anesthetized rats by transfusion. These 
facts led Schorr, Zweifach, and Furchgott(l945) to conduct a set of experi-
ments designed to investigate the sites of formation of the humoral factors 
and the mechanisms for their formation and destruction. The substance which 
mediated the initial compensatory, vasoconstrictive stage was called VEM 
(vaso-e~citor material), and the factor predominately concerned in the con-
sequential, irreversible stage was termed VDM (vaso-depressor material). 
The determination of the site of formation of these factors was 
based on the sequence of appearance of the factors in the blood stream of 
dogs and rabbits. VDM was found to be derived from the liver aiid skeletal 
muscle, and VEM came almost exclusively from the kidney. On the basis of 
this determination, the kidney would seem to be important for the circulator~! 
compensation to decreased blood volumes. Observations on complete occlusion 
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of the kidney confirmed this conclusion, as this opera tion caused the animal 
to go into profound shock much more rapidly than untreated controls when 
both were exposed to bleeding . Only minute amounts of ~~ were demonstrable 
in such functionally nephrectomized animals. (VEM and VDM were assayed ac-
cording to their ability to augment or inhibit the response to epinephrine 
of t he blood ves sels of the meso-appendix of the rat.) 
Studies on the mode of origin of these hepato-renal vasotropic 
factors indicated that the optimum production of both VDA and VDM occurred 
under anaerobic conditions when kidney and liver slices were incubated in 
vitro. Anoxia seems to be a sufficient condition for their formation. SincE 
I 
this is so, the kidney must be more sensitive to anoxia in the early com-
pensatory stage of shock. Enough oxygen evidently gets to the liver to 
supoort oxidative metabolism, and thus inhibit VDM production, while in the 
kidney ~i is being anaerobically produced. In vi tro incubation showed that 
normal liver slices and livers in the hyperreactive, compensatory stage of 
shock destroyed VDM. Normal liver and kidneys seemed to inactivate VN~ . 
Schorr (1948) has indicated that this hepato-renal vasotropic 
I theory may be brought to bear on our subject, even though most of the work t , 
date was concerned with the irreversible shock state, i.e., with VD~ pre-
dominance. The experiments referred to by Schorr consisted of constricting 
the renal arteries of dogs by the Goldblatt method until the systolic blood 
pressure became stabilized gt the hypertensive levels. Bio-assay of the 
blood wa s accomplished by injecting the blood of the hypertensive dog s into 
the circulation of the meso-appendix of rats and noting its ability to aug-
ment the response of this rat tissue to epinephrine. It was found that 
sh~rtly after the Goldblatt partial constriction, VEM appeared first in the 
3.9 
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renal vein and then in the peripheral circulation of the dogs. Vtcr~ continuec 
to be present during the entire period of rising blood pressure until the 
response to epinephrine again became normal. Schorr attributed this libera-
tion of VEM to the hypoxia produced in the kidney by the clamp and suggested 
that apparently there was a breakdown of the normal cellular homeostatic 
pressure. That undetectable VEM was actually present in the stabilized 
hypertensive circulation was indicated by adding ~1 inhibitor (extracts of 
normal kidney tissue). This operation was followed by a sharp vasodepressor 
response to that sample of blood. Schorr concluded that in the stabilized 
hypertensive stage, an equilibrium of VEM and VDM was achieved, although con-
siderably increased concentrations of both were present. Evidently the 
partial constriction of the renal arteries led to a relatively hypoxic con-
dition in the kidney and VEM was produced. This resulted in generalized 
vasoconstriction and diversion of the blood flow through the most direct 
channels. The tissue ischemia so produced increased the production of VDM 
from the liver and skeletal muscles until an equilibrium of VDM and ~1 was 
attained, and the blood pressure became stabilized in a "neutral" hyperten-
sive state. 
Adrenalectomy resulted in observations similar to those reported 
before. Adrenalectomized dogs and rabbits did not form VEM upon Goldblatt 
constriction of the renal arteries even when salt was given in excess. 
Adrenalectomized animals did produce VEM from the kidneys when salt and DCA 
were given, however (Schorr 1948). 
The hepato-renal vasotropic theory, beyond any doubt, provides a 
clear and interesting account of many of the mechanisms which come into play 
in the homeostasis of circulatory dynamics. However, it. is extremely diffi-
cult to evaluate the concept in terms of its significance for the student of 
renal hypertension. It does not, for example, give us a solution to the 
chief problem that the renin-hypertensin mechanism must explain, and that is 
how the hypertension is sustained at the new levels. The equilibrium of V]l~ 
and VDM at the hypertensive levels explains the inability to detect these 
factors, but does not tell us why the high blood pressure persists at the 
"neutral" state of the blood. 
The chief obstacle to judging the contributions of the hepato-
renal vasotropic concept at this time, however, is the simple fact that we 
do not know what new contributions, if any, this theory has made. All the 
determinations which have been made of the presence of Vlli~ and VDM in the 
blood of animals have been based on the ability to augment or inhibit the 
response to epinephrine, and no attempts at purification have been reported. 
VEM could conceivably be angiotonin, although Schorr ( 1948) claims to have 
crifferentiated it from renin and angiotonin, or at least it could be one of 
the products of anaerobic decarboxylase activity, as suggested by Raska 
( 1943). Until the nature of these factors is more clearly established·, any 
discussion of them will probably remain expository or speculative, and crit-
1 ical analysis must await more facts. 
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THE SIGNIFICANCE OF RENAL HYPERTENSION 
Two major interests have largely dominated the activities of 
workers in the field of renal hypertension. The first of these interests , 
a physiological one, is the possibility of discovering whether the mechanism 
which produces a hypertensive state in response to kidney manipulation has 
any counterpart in the normal functioning of the animal body. The second 
motivating force, the more practica~ pathological interest, has dominated 
the study of renal hypertension, , and is primarily concerned with extending 
our knowledge of hypertension itself and gaining new therapeutic measures 
for its treatment and cure. 
THE PHYSIOLOGICAL SIGNIFICA}TCE OF REN~L HYPERTENSION 
Cannon's doctrine of homeostasis (1932) which emphasized the 
healthy organism's ability to maintain a relative constancy of its interna l 
environment, or "fluid-matrix", has brought about widespread changes in our 
concept of the origin of pathologica l states. Many pathological changes 
found in animals have proven to be not unique and meaningless deviations fro] 
the typical condition, but simply prolonged over-extensions of homeostatic 
or compensatory physiological mechanisms. The homeosta tic concept is perhap~ 
nowhere better exemplified than in the circulatory system where we have abun-
dant evidence of nervous and humoral compensatory mechanisms, and it is thus I 
not at all surprising that workers in the field of renal hypertension should 
be curious about the physiological significance of the ability of the 
"ischemic" kidney to produce a humorally mediated vasoconstrictive and hyper-
tensive effect. 
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Opinion on whether the renal pressor system represents a physio-
logical vasotropic system is still largely speculative and ranges from those 
who believe that the pressor substance is a physiological mediator, governi 
many generalized circulatory disturbances, such as shock and hemorrhage, to . 
those who regard it as ~mechanism for simply governing renal blood flow. 
There are also some who do not think the renal pressor mechanism has any 
physiological significance, but is activated only in severe pathological and 
experimental conditions. 
~~en Goormachtigh (1939) presented his cytological evidence for an 
endocrine activity of the afibrillar cells of the juxtaglomerular apparatus 
of the kidney, he regarded these changes as significant as any found in the 
anterior pituitary. He looked on this structure as a musculo-endocrine 
system capable of reacting to a decrease in blood pressure or blood flow in 
the glomerular arterioles. It was thought that renin was produced in the 
juxta-glomerular apparatus in response to such vascular changes. This point 
of view was shared by others (Kaufman 1942), and Huidoboro and Braun-Menende 
(1942) thought that hypotension caused the intact kidney to secrete renin 
into the bloodstream in amounts sufficient to be detected. 
Furthermore, studies made by Hamilton and Collins (1942) on the 
pressor activities of renal arterial and venous blood, when injected into 
nephrectomized dogs, led them to the conclusion that the absence of a renal 
circulation severely impaired the ability o~ these animals to maintain the 
arterial blood pressure during and after hemorrhage. They indicated that 
either hemorrhage or histamine injections evoked the humoral mechanism in th 
kidney and thus aided in the maintenance of arterial tension. Bahnsen (1943 
I subjected anesthetized rats, normal and nephrectomized, to repeated 
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hemorrhage, taking especial care to avoid adrenal trauma. They found that 
the nephrectomized animals displayed a greater drop in blood pressure and 
died sooner than did the sham-treated controls. 
The significance of part of the evidence of this sort has been 
doubted by some like House and Wakerlin (194l) ,who, while expressing doubt 
about the validity of speculative conclusions which were abundant at the 
time, admitted that there was no direct evidence against a homeostatic func-
tion of the kidney either. 
Certain other workers have conf i ned their opinions about the physi-
ological significance of the renal pressor system to the effect of this 
mechanism on the maintenance of renal blood flow and thereby on the excretorj 
function of the kidney. MacWilliams (1925), while reviewing some of the 
renal pathological conditions associated with variations in the blood pres-
sure before truly adequate methods for experimentally producing renal hyper-
tension were developed, suggested a compensatory function of renal hyper-
tension when he observed that although renal lesions and renal malfunctions 
were not always present together, the significance of the hypertension is 
greatly influenced by the coexistence of renal insufficiency. Chanutin and 
Ferris (1932) found that hypertension was produced by reduction of renal 
tissue and ligation of branches of the renal artery, and postulated that hy-
pertension increased the renal blood flow in an effort to compensate for the 
insufficiency. 
An interesting experiment of Drury (1938) suggests that hyperten-
sion is produced when kidney function demands an increase in blood flow. 
Drury placed a loop of silk about one renal artery in young rabbits. The 
renal artery soon became constricted, due to the increase in size of the 
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artery in the growing animal. Vfuile the renal blood flow was thus being 
restricted, the contralateral kidney was seen to hypertrophy greatly, and no 
increase in blood pressure was observed. But nephrectomy of the enlarged 
I kidney was followed by a significant rise in blood pressure. Similar con-
clusions were reached by Dill and Erickson (1938) who found that bilateral 
j 
' renal artery constriction of pregnant dogs (with higher renal excretory de-
mands) resulted in hypertension and other more serious symptoms of renal 
failure and death. Similarly treated non-pregnant dogs developed hyperten-
sion, but otherwise remained healthy. 
But Corcoran and Page (1942) pointed out that hypertension de-
veloped by renal arterial compression or compression of the renal parenchyma I 
by a perinephritic scar or hull did not significantly alter the renal blood 
flow or the clearances of inulin,, diodrast, phenol red or urea. Neither 
were there necessarily abnormalities in the tubular excretory capacity. 
Their conclusion, that renal excretory function and pressure characteristics 
are independently affected, confirms the conclusions of Katz et al (1939). 
Such experimental results fall prey to serious doubts as to their signifi-
cance, however, when we consider that constriction of the renal artery and, 
presumably, also perinephritic compression, would lower the pressure and 
total blood flow in the kidney and seriously modify the effective glomerular 
' filtration pressure while, at the same time, increasing the pressure in the 
rest of the systemic circulation. 
The evidence does in fact seem to indicate that the renal pressor 
system does play a significant, if not entirely understood, part in the 
physiological adjustments of the circulatory system to such stimuli as may 
be presented to it by hypotension and increased functional excretory demands. 
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THE PATHOLOGICAL SIGNIFICANCE OF RENAL HYPERTENSION 
Richard Bright, in the first half of the nineteenth century, 
brought to light a suspicion that physicians had held previously and that 
pathologists have held undeniable ever since, namely, that a fundamental re-
lationship exists between the hypertensive state in man and the state of the 
kidneys. It is a matter of common knowledge among physicians that patients 
who die of high blood pressure and its consequences almost invariably show 
signs of renal arteriolar sclerosis and, conversely, such nephrosclerotic 
changes, when found at autopsy, practically constitute evidence that the pa-
tient had hypertension at some time in life (Page and Corcoran 1949). 
Most pathologists have felt th~t the kidney damage seen in such 
cases is the result of the hypertension. That is, it is known that excessivE 
strain on the walls of blood vessels can lead to sclerotic changes, and the 
histological degenerative changes seen in the vessels of the kidney were 
thought to be caused by the high intravascular pressure in them. However, 
the observations of Tigerstedt and Bergmann (1898), and others much later, 
on the pressor activity of renal extracts when combined with the work alread' 
cited on the production of hypertension by apparently restricting the renal 
blood supply, have led to the hypothesis that kidney disease may be a major 
factor in the pathogenesis of hypertension. 
Does the hypertension produce the kidney damage, or does the kidne) 
damage elicit a humoral pressor mechanism which produces hypertension? This 
is the most fundamental question for investigators in the field of hyperten-
sion, for upon the answer to this question depend most of the therapeutic 
measures to be employed in the treatment of hypertension. Unfortunately, the 
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problem has not been solved, and t here has been accumulated an abundance of 
evidence for both points of view. 
Many forms of hypertension can be attributed directly to a primary 
disease. Among these are increased intracranial pressure, hyperthyroidiam, 
adrenal tumor, and certain definite kidney diseases. This hypertension 
usually is alleviated with treatment of the primary disease. In man, how-
ever, there is a condition known as secondary, or essential hypertension 
which has not been attributed to any known cause. The problem most investi-
gators of renal hypertension have been concerned with is whether or not the 
renal pressor mechanisms v.rhich have been described play a significant role 
in much of this so-called essentia l hypertension. As Goldblatt (1947} 
pointed out, the definition of essential hypertension as a disease of unknoWI 
origin has hitherto excluded hypertension of r enal origin by definition, but 
certainly the question deserved to be considered more completely than that. 
Moritz and Oldt (1937} made an examination of the arterioles at 
autopsy from every part of the body of one hundred human hypertensives and 
one hundred non-hypertensive controls. Their results indicated that only in 
the kidney >ms the presence of fairly widespread arteriolar sclerosis a lmost 
invariably associated with hypertension and, conversely, where there was no 
sclerosis, there was no hypertension. These observations led them to regard 
the intrarenal arteriolar sclerosis as the functional analog of the Goldblatt 
clamp. The ract that the Goldblatt clamps produced a disturbance of intra-
renal hemodynamics which initiated or activated a pressor mechanism suggested 
to Goldblatt (1934) that any process which brought about such a hemodynamic 
disturbance would produce hypertension. Renal arteriolar and arterial 
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sclerosis is such a process, and thus may represent a causative factor in 
essential hypertension in man (Goldblatt 194?). 
However, other workers, such as Smith, Goldring, and Chasis (1943) 
and Page (1943) believe that t he sclerosis found associated with so many 
cases of hypertension is caused by the mechanical stretching of the vascular 
walls or by the increased bursting tension of the blood vessels. Page and 
Corcoran (1949) state that the high incidence of sclerotic changes in the 
kidneys at autopsy, as found by Moritz and Oldt (193?), could be explained 
by the fact that the kidney accounts for a large amount of the vasculature 
of the body, providing from one-third t o one-fifth of the total peripheral 
resistance. 
Castleman and Smithwick (1943) examined renal biopsy specimens 
from one hundred hypertensive patients who were undergoing splanchnic resec-
tion for the condition. They noticed that in contrast to the findings of 
almost invariably well developed renal vascular disease in post-mortem hyper-
tensives, twenty-eight per cent had no, or only insignificant, vascular dis-
ease, · and .an·, additioha:l twenty.;..five per cent had only slight changes. The 
vascular changes were not significantly greater than patients with normal 
blood pressure. Good morphological evidence was absent in over one-half of 
the cases, and in many of the cases, the hypertension seemed to antedate the 
vascular lesions. Goldblatt (194?). pointed out the danger in extrapolating 
these results to general conclusions on the etiology of hypertension, since 
the specimens were necessarily very small and usually were from the periphery 
of the cortex. The larger vessels were not included, and one diseased large 
vessel could presumably produce significant hemodynamic changes, even though 
many undiseased small vessels were present. 
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Obviously, the problem of whether renal sclerotic lesions activate 
the renal pressor mechanisms in essential hypertension, or the lesions resul 
from hypertension of a still unknown cause, is still a controversial ques-
tion. The modern techniques of producing renal hypertension have failed to 
settle the problem, since the constricted artery brings the renal arterioles 
into a low pressure region and, even if hypertension were causative of ar-
teriolar degeneration, it would fail to be exhibited in such procedures. Th 
, morphological studies discussed above give variable results also. 
I 
There can be no doubt, however, that the changes which occur in 
renal hypertension resemble those found in essential hypertension quite 
closely. Moderate constriction of both renal arteries or unilateral con-
striction and contralateral nephrectomy produced a hypertension usually with 
out renal insufficiency, and it has been compared with the benign form of 
essential hypertension. Severe renal ischemia causes widespread vascular 
damage and impairment of renal ,function. Fibrosis of the media of the ar-
terioles and intimal proliferation or hyperplasia are evident here, as in th 
malignant form of the human disease, and such necrotic changes may result in 
destruction of the glomeruli and renal failure, possibly ending in death 
(Goldblatt 194?). 
Perhaps the controversy as to the etiology of essential hyperten-
sion may be resolved by the observa tion of Wilson and Byrom (1939). They 
succeeded in producing a severe hypertension and arteriolar lesions identica 
with those of malignant hypertension in the "normal" kidney of a rabbit whic 
had the other renal artery severely constricted. The observations were con-
firmed in rats, and these workers attributed the similarities between experi 
mental renal and essential hypertension to a "vicious circle". The ischemic 
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kidney produced a renal hypertension which resulted in arterial and arteri-
olar disease. The arteriolar disease began chiefly in the contralateral 
"normal" kidney and, either by mechanically blocking the blood flow or by 
activation of a pressor-endocrine system, produced a further increase in ar-
terial pressure which was associated with renal insufficiency. Such a theor 
aids us in understanding how the biopsy specimens of kidneys of hypertensive 
patients were often devoid of significant morphological changes (Castleman 
and Smithwick 1943). The increased vascular pressure had not yet succeeded 
in producing intrarenal vascular lesions, whereas in the autopsy kidney 
specimens of Moritz and Oldt (1937), the hypertension had been present long 
enough to effect such morphological changes. 
However, the vicious circle theory of the relationship between 
renal and essential hypertension does not answer the question of whether the 
initial stimulus for the production of essential hypertension originates in 
the kidneys and, further, does not solve the problem of what is the precise 
physiological stimulus for the production of essential hypertension. Most 
pathologists, as has been indicated, have tended to thihk of the intrarenal 
sclerotic lesions of arteries and arterioles that have been found associated 
with hypertension at autopsy, as consequences of the hypertension or in-
creased strain on the walls of the bl ood vessels. A certain few other 
workers, particularly Goldblatt (1947), maintain, on the contrary, that the 
vascular lesions them~selves are causative of hypertension by producing a 
change in intrarenal hemodynamics, which acts as a stimulus to activate a 
renal pressor mechanism. Goldblatt believes that such conditions occur in 
most cases of essential hypertension which are not definitely neurogenic, and 
not only in certain definitely established nephrogenic hypertensive cases, 
such as certain forms of glomerulo-nephritis, which are freely admitted by 
all to be of renal origin. 
The paradox of which comes first, the hypertension or the kidney 
disease, is still with us. However, in spite of the fact that this funda-
mental problem has not been solved completely, a number of interesting sug-
gestions for the treatment of essential hypertension have arisen as a result 
of research on renal hypertension. Positive therapeutic results have often 
been reported not only on experimentally renal hypertensive animals, but on 
patients with known nephrogenic or essential hypertension. For obvious 
reasons, mere mention of some of these therapeutic measures must suffice. 
Immediately following the discovery that nor.mal kidney tissue pre-
duces angiotonase or hypertensinase, which inactivates the vasoconstrictor 
substance, angiotonin, many studies were made on the hypotensive effect of 
injections of kidney extracts. Grollman, Harrison and Williams (1940) found 
that these "normal" kidney extracts inhibited the effect of renin injections 
into animals, and they reported the successful treatment of a few hyperten-
sive patients. Grollman, Harrison and Williams (1940) confirmed these re-
sults in rats and dogs. Page et al (1941) reported that kidney extracts werE 
prepared which lowered the blood pressure of hypertensive dogs and cats, and 
also reduced the blood pressure of patients with the benign and malignant 
forms of essential hypertension. 
However, Grollman; Harrison and Williams (1940) expressed doubt as 
to whether it was sound procedure to treat .renal hypertension symptomaticall~~ 
It may be that the hypertension is symptomatic of other causes and direct 
treatment might possibly bring about a worse maladjustment. Page et al (194 D 
pointed out that too rapid a lowering of blood pressure may result in a 
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shock-like state. Also, Grollman, Harrison and Williams ( 1943): indicated 
that kidneys contain too little of the extract to be therapeutically practi-
cal. Finally, a number of workers have suggested that the effect of the 
kidney extracts may not be due to a specific enzyme, such as angiotonase, bu 
may be due to impurities in the extract, especially pyrogenic substances 
(Page and Corcoran 1949). Work is currently being done on the hypotensive 
effect of pyrogens in the Cleveland Clinic, according to Page, Taylor and 
Corcoran (Unpublished report of American Society for the Study of Arterio-
sclerosis). 
Page et al (1941) have reported that renin injections themselves 
seem to call forth an anti-pressor substance, and Wakerlin at al (1942) re-
ported that their work indicated a definite prophylaxis of experimental hy-
pertension by renin, which was not due to an anti-renin, but to renin, it-
self. The mechanism of prophylaxis was unknovm. 
Renal hypertensive animals have been used abundantly as test ani-
mals for a number of suggested therapeutic agents ,but; unfortunately, little 
sustained research has resulted. Schroeder (1942), recalling that Bing and 
Zucker (1941) had shown that the enzyme tyrosinase had a hypotensive effect, 
showed that certain hog extracts containing an amine oxidase ~ lowered the 
blood pressure of hypertensive dogs. Also, when amine oxidase v.ras admin-
istered mixed with angiotonin or tyramine, the pressor response was lessened. 
Recently, Klatch and Wakerlin (1948) recalled that Katz and 
Steinitz (1940) had shown that pulmonary arterial pressures were not altered 
in dogs with renal hypertension. Accordingly, they attempted to produce a 
lung extract which might reduce the blood pressure in hypertensive dogs. The 
attempt was unsuccessful. 
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Surgical procedures, such as sectioning of the splanchnic nerves 
or other partial sympathectomy, have met with variable results in human pa-
tients, but often good results have been reported. Some of these hyperten-
sive cases seem to have been of renal origin, and a surprisingly high fre-
quency of renal hypertensive animals have exhibited reduction of blood pre-
sure (Page and Corcoran 1949). Surgical renal decapsulation and removal of 
perinephritic areas in an effort to promote the development of an accessory 
circulation in certain selected cases, as well as complete nephrectomy of an 
obviously ischemic kidney, might be expected to be of some value, as Gold-
blatt (1938) indicated. But it is surprising that certain forms of sympa-
thectomy can alleviate symptoms in renal hypertensive animals, especially 
since renal hypertension is not usually mediated neurally. As Page and Cor-
coran (1949) have indicated, surgical alleviation of hypertension, particu-
larly sympathectomy, is an empirical development, and it is perhaps a good 
thing for many patients that surgeons did not wait for a rationale for the 
procedure. As has been mentioned before, however, Ogden (1946) reported tha 
renal hypertension may be sustained if not initiated by the sympathetic ner-
vous system, and this view may provide some basis for the heartening clinica 
results. 
The recent interest in the effects of certain diets is reflected 
in the rapidly growing literature on t he subject. Highly variable results 
have been reported on the e~~ects o~ many substances on experimental renal 
hypertension and essential hypertension. Low sodium diets may be particu-
larly effective where the adrenal cortex is involved, a nd ammonium chloride 
has been observed to have an inhibiting effect on t he k idney damage produced 
by DCA overdosage (Selye 1945). Rice and fruit juice diets have been 
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investigated v;i th some positive results (Dick and Schwartz 1947). Manwaring 
(1946) found that the blood pressure of renal hypertensive rats fell when 
they were fed with rations enriched with certain synthetic vitamins, cod 
liver oil, and certain salt mixtures. However, the studies on the effect of 
all these and other diets have still not shovvn what the ingredient is which 
lowers the blood pressure and, in many cases, this may be due to impurities 
(Page and Corcoran 1949). 
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SUW.tARY AND CONCIUSI ON 
The study of renal hypertension has proceeded at a very rapid rate 
since the development of efficient methods of producing a sustained and rela 
tively asymptomatic hypertension in experimental animals. Goldblatt et al 
(1934) confirmed the speculations and observations of earlier workers by 
showing that a hypertension could be produced by inducing an ischemic condi-
tion of the kidney. They found that unilateral constriction of the renal 
artery with a silver clamp and contralateral nephrectomy or bilateral con-
striction resulted in an appreciable increase in blood pressure in dogs. 
This hypertension could be elicited apart from renal functional impairment, 
provided the arterial constriction was not too severe. Page (1935) found 
that procedures which induced perinephritis had a hypertensive effect simila 
to that produced by the Goldblatt clamp. Almost all of the techniques which 
have been developed since that time for the experimental production of hyper 
tension by kidney manipulation have been modifications of these basic tech-
niques, with the exception of some work done on small animals where, for con 
venience, older and less efficient methods such as sub-total nephrectomy 
have been used. 
Since the apparatus and techniques of blood pressure measurement i 
animals are the chief tools that the investigator of hypertension uses, some 
of the methods known to have been employed by investigators of renal hyper-
tension have been briefly discussed. Certain workers have been chiefly in-
terested in the effect of renal manipulation on the mean blood pressure and 
have found the direct coupling of the mercury manometer with an arterial 
cannula to be satisfactory. Others, especially those workers who have made 
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comparative studies of the effect of injection of various pressor substances 
have employed the optical manometric methods of Hamilton, Brewer, and Brotma 
(1934) based on the work of Frank. Small animals have required special 
techniques for convenience, and the plethysmographic method of Byrom and 
Wilson (1938) has been found helpful. 
Coordination and integration of the functions of the animal body 
are brought about by nervous, hormonal, and humoral mechanisms. Renal hyper 
tension has been conclusively shown not to be mediated initially by nervous 
mechanisms since complete denervation of ischemic kidneys does not modify th 
hypertension significantly. The endocrine organs, with the possible excep-
tion of the adrenal cortex, do not appear to be involved in the development 
of renal hypertension. 
The hypertension produced by the Goldblatt constriction of the 
renal arteries has been shown to originate in the kidneys. Tigerstedt and 
Bergmann (1898) had demonstrated the presence of a pressor substance in the 
cortex of the kidney and had named the substance renin. This observation wa 
confirmed by many subsequent workers, but further research indicated that 
renin was neither a metabolite normally excreted by the kidney (Geer and 
Dragstedt 1938), nor was it in itself a vasoconstrictive substance (Helmer 
and Page 1940). Accumulated evidence indicated that renin had the propertie 
of a proteolytic enzyme, which acted on a protein of the blood to produce a 
substance, hypertensin or angiotonin, which had a vasoconstrictive effect on 
the minute systemic blood vessels. It was further shown that normal non-
ischemic kidneys contained a substance which inactivated angiotonin. 
Thus, the renin-hypertensin theory was postulated to explain the 
phenomenon of renal hypertension. Renin is produced in excess as a result o 
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renal ischemia and, through its enzymatic action on hypertensinogen in the 
blood, produced an active vasoconstrictor agent, hypertensin or angiotonin. 
Normally this pressor substance is inactivated by hypertensinase or angie-
tonase which is formed chiefly in nor.mal kidneys. Renal hypertension is a 
result of the failure of angiotonase to be produced, as well as a consequence 
of increased production of renin. The tachyphylactic phenomenon of renin 
and the specificity of renin have been investigated. 
The suggestive observations of Goormachtigh (1939) on the possible 
endocrine function of the kidney have been cited as evidence for the view 
that renin is formed in the juxta-glomerular apparatus of the kidney, but 
others think that renin is formed or stored in the proximal convoluted tubule 
since kidneys with specific necrosis of the tubules do not contain renin 
(Friedman and Kaplan 1943). 
The adequate physiological stimulus for the liberation of renin is 
not known. Renal ischemia itself may not be the actual cause since Levy et 
al (1938) could find no significant difference or alteration in the arteria-
venous oxygen ratio in hypertensive and non-hypertensive animals. Reduced 
pulse pressure in the kidney has been postulated as the actual stimulus, but 
the evidence for this view is sparse. 
From time to time, doubt has been cast on the validity of the 
renin-hypertensin mechanism as an adequate explanation for renal hyperten-
sian. The tachyphylactic property of renin, the variable results reported in 
the purification and bio~assay experiments with renin, and finally the in-
ability of some workers to detect the presence of hypertensin in the systemic 
blood of renal hypertensive animals, have all been serious criticisms and 
several alternate theories have been proposed. 
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Goldblatt (1934) and others have found that hypertension could not 
be produced in adrenalectomized dogs, and the adrenal cortex deficiency 
seemed to be responsible since medullary ablation had no effect. Many 
steroids, and particularly DCA, can produce sclerotic changes in the renal 
blood vessels (Selye 1939). Now if renal hypertension is the result of modi 
fied intrarenal hemodynamics produced by arteriolar sclerosis, then the 
adrenal cortex may be implicated in the development of renal hypertension, 
but it is still not certain whether it is specifically implicated in this 
fashion. 
The amine intoxication theory, based on the observations of Bing 
and Zucker (1941) that renal hypertension could be produced by the injection 
of 1-dopa into the ischemic kidney, may provide a partial explanation of how 
the hypertension is maintained. However, renal hypertension has been induce 
in non-anoxic kidneys, and therefore the initiating mechanism may be due to 
an increased production of renin while the sustaining mechanism could be the 
result of a pressor amine produced by anaerobic decarboxylation without de-
aminization in the afflicted kidney. 
The conclusions of Schorr (1948) on the implications of the hepato 
renal vasotropic theory of shock for our understanding of the mechanism of 
renal hypertension must await further study before we can properly judge 
these contributions. Purification and analysis of VEM are necessary before w 
can conclude whether this is a new substance or simply a new name for one 
with which we are already familiar. 
The evidence does seem to indicate, however, that the phenomenon o 
renal hypertension is an over-extension of . a homeostatic mechanism that tend 
to compensate for reduced renal blood flow by raising the general blood 
pressure, including that of the renal artery. The experiments of Drury 
(1938) are suggestive of a function of this sort for the kidney. Schorr 
(1948) went much farther and indicated that the kidney may be important not 
only in the adjustment of renal blood flow, but also that the kidney is re-
ceptive to generalized hypotension and decreased blood volumes in the initia 
compensation for these states of the vascular system. 
The experience of investigators for many years has been that kidne 
disease and hypertension are somehow correlated. Most workers have felt tha 
the sclerotic lesions found in the walls of blood vessels in the kidney are 
caused by the strain of the high blood pressure. Castleman and Smithvnck 
(1943) studied renal biopsy specimens in human hypertensives and found that 
often the hypertension was present before significant morphological altera-
tions could be found. The study of renal hypertension has led investigators 
to think more seriously about the possibility that much of the so-called es-
sential hypertension in man is actually of renal origin. Thus, Goldblatt 
(1947) pointed out that the arteriolar sclerosis in the kidney may produce 
an upset of intrarenal hemodynamics which initiates a humoral pressor mecha-
niam and consequent hypertension. The sclerotic changes of hypertensive 
kidneys may not be merely secondary to pre-existing hypertension, but may 
result from renal ischemia and be themselves causative of hypertension. 
This problem of whether the sclerosis is a consequence of hypertension, or 
whether the hypertension results from the effects of sclerosis, is not yet 
settled. It is probable that both processes are at work in essential hyper-
tension, particularly the severe malignant type (Wilson and Byrom 1939). It 
is unquestionably true, however, that the morphological and physiological 
changes in renal hypertension parallel those of essential hypertension not 
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only in qualitative aspects, but also in duration of the hypertensive symp-
toms. Goldblatt (1940) reported a hypertension lasting for five years in 
dogs. 
An extension of the study of biopsy specimens of animal kidneys 
might help future investigators to clarify this fundamental relationship of 
renal sclerotic changes to hypertension. Only small sections of the periph-
ery of the cortex of human patients were used by Castleman and Smithwick 
(1943), and only one hundred hypertensive subjects contributed tissue. The 
use of statistical numbers of animal kidneys would enable workers not only to 
study larger and more representative sections of kidneys, but also, since the 
hypertension produced by Goldblatt arterial constriction can be rather accu-
rately controlled, such research could proceed from the onset of hypertension 
and not only after it had been long present, as in the human kidneys in-
vestigated. 
The ·treatment of human essential hypertension, except of types 
definitely attributable to known primary causes, is still in its infancy, 
and much more work is needed to discover the exact property of many of the 
experimentally used therapeutic agents that tend to reduce blood pressures in 
hypertensive animals. We may rather safely conclude, however, that if the 
study of hypertension proceeds in the next decade with anywhere near the rate 
of progress in the period since efficient methods for experimentally pro-
ducing hypertension nephrogenically were developed, our knowledge of the mach 
anisms responsible for hypertension is just beginning. Much of the basic in-
formation has been gained and, although considerable future work must be de-
voted to confirming or otherwise disposing of already formulated conclusions, 
the possibility of fundamental discovery still exists, and can never be appre 
cia ted a uriori. 
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ABS'IRACT 
Our knowledge of the conditions responsible for human hypertension 
has, in recent years, been put on a sound experimental basis with the devel-
opment of efficient methods for producing hypertension in experimental ani-
mals. Techniques which involve kidney manipulation have proven most success-
ful in this respect, and the success has been largely the result of the fact I 
that kidney manipula tion produces a hypertension which is largely devoid of 
other symptoms which would complicate the study of hypertension. 
Goldblatt et al (1934) constricted the rena l arteries, and Page 
(1939) enclosed the kidneys in cellophane. Hypertension of a susta ined t ype 
resulted from both operations. Modifications of t hese procedures have formed 
the chief techniques that have been used to produce hypertension experimen-
tally. 
The study and analysis of the mechanisms responsible for the hyper-
tension of renal origin has been carried on by t wo groups of workers quite 
independently in the United States and Argentina. Except for a disagreement 
in terminology, the results and conclusions advanced by these two groups of 
investigators have been quite s imilar and very soundly based on a great many 
observations. 
The accumula ted evidence indicates t hat rena l hypertension is in-
itiated, at least, by an increased liberation of renin, an enzyme which is 
formed in the kidneys made ischemic by the techniques of Goldblatt and Page . 
This enzyme acts on a constituent of the serum globulin of blood plasma, 
nown variously as renin-substrate or hypertensinogen, to produce a pressor 
substance, angiotonin or hypertensin, and it is this substance which exerts 
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a vasoconstrictive action on the minute systemic vessels. A significant in-
crease in the per ipheral resistance of t he body occurs, and hypertension re-
sults. The normal kidney seems to conta in a substance which inactiva tes t he 
angiotonin so produced. 
Rena l hypertension apparently follows ischemia of the kidney be-
cause of a n increased production of renin which then acts on a component of 
the blood to form a pressor agent, or by inhibiting, somehow, the production 
of angiotonase which destroys the pressor substance in normal animals. 
Mos t investigators have been convinced that such a process is, in 
fact, the manner in which the hypertension is brought about in animals with 
ischemic kidneys. But, many workers do not feel that the renin-hypertensin 
mechanism can adequately a ccount f or the fact that this form of hypertension 
persists for considerable periods of time. The site of formation and the 
physiological stimulus for the release of renin have not been worked out with 
certa inty as yet. These facts, when considered together with certa in proper-
tie·s of renin itself, have led many workers to suggest that other mechanisms 
can and do play a part in the maintenance of hypertension of rena l origin. 
Selye (1943) indicated that much hypertension of renal origin may 
be conditioned by over-a ctivity of the adrenal cortex. Another view, based 
on the work of Bing and Zucker (1941), is tha t pressor amines may be formed 
in the ischemic kidney. Finally, Schorr (1948) pointed out that t he kidney, 
by its ability to produce a vase-excitor substance, may be part of a home-
osta tic mechanism for the adjustment of the circulation to hypotensive con-
ditions. 
The interest s which have motiva ted the investiga tors of renal hy-
pertension may be resolved for convenience into t wo categories. Most of the 
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workers have been interested in the contributions which the study of renal 
hypertension may make to our knowledge of the pathology of hypertension in 
man, But others, although fewer in number, have been no less energetic in 
their desire to relate the participation of the kidney in the elaboration of 
pressor substances to a possible endocrine role of this organ in the intact 
organism. Many practical attempts to relieve hypertensive symptoms have al-
ready resulted from the study of renal hypertension. But the physiological 
role of the apparently secretory power of the kidney is still largely unde-
termined. Much more work remains to be done to clarify this role and, once 
accomplished, the rational basis for hypertension therapeutics will be 
present. 
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